To purify pectate lyase produced by Erwinia carotovora subsp. carotovora, we used the supernatant from 48-h-old cultures grown in broth containing sodium polypectate and yeast extract. The supernatant was combined with the enzyme substrates sodium polypectate and polygalacturonic acid, which were then precipitated with CaC12. After the precipitate was washed, pectate lyase was eluted with 1.0 M NaCl.
Pectate lyase is one of the pectolytic extracellular enzymes of Erwinia carotovora subsp. carotovora, a bacterium that causes soft-rotting of many plant species. This enzyme is an important component of the organism's degradative capability. It cleaves polygalacturonic acid in a transeliminative manner to yield 4-deoxy-5-oxo-D-glucuronate (4) . Recently, there has been much interest in pectate lyase as a virulence determinant of pectolytic Erwinia spp. Several research groups have cloned the pectate lyase genes from E. carotovora subsp. carotovora into Escherichia coli (5, 9, 11) .
Purification of pectate lyase is required for characterization of the enzyme, determination of its specific activities, preparation of specific antibodies, and the study of its role in pathogenesis. Purification has usually been achieved by a combination of ammonium sulfate precipitation, ultrafiltration, and ion-exchange chromatography (2, 4) . We found that the enzyme could be purified in a simple procedure by taking advantage of its affinity for two substrates, sodium polypectate and polygalacturonic acid.
Erwinia carotovora subsp. carotovora 567 serogroup XI was grown in an enrichment medium (PYE) (3) . Gels were stained with Coomassie blue R250. Two major protein bands with molecular weights of 43,000 and 42,000 were observed in the eluant at high pH (Fig. 1) . The same two bands were present at lower concentrations in the eluant at low pH. These proteins probably correspond to the 44,000-and 41,000-dalton pectate lyases from E. carotovora described by Lei et al. (4, 5) . The initial pH of the supernatant and wash buffer had little influence on the result, suggesting that the binding to the substrate was not an ion-exchange effect.
Pectate lyase activity was demonstrated in the eluant preparations before ultrafiltration on polygalacturonic acidagarose composite gels prepared on glass microscope slides essentially by the procedure of Ried and Collmer (7) . The elutants were diluted in 50 mM Tris hydrochloride (pH 8.5) with 1.5 mM CaCl2 or 50 mM Tris hydrochloride (pH 8.5) with 10 mM EDTA and spotted directly on composite gels prepared with an identical buffer composition. After 1 h of incubation, the gels were stained by immersion in 0.05% ruthenium red for 20 min. Enzyme activity was detected in the presence but not in the absence of Ca2 , which indicated pectate lyase activity (Fig. 2) . In addition, the preparations were also tested for hydrolytic pectic enzyme activity by using 100 mM phosphate buffer (pH 6.5) with 10 mM EDTA (7), but no activity was detected. However, polygalacturonase has been detected in E. carotovora previously (8, 9) , and we detected low levels of this enzyme in 48-h-old culture supernatants. (10) . Since no difference in the protein profile of both eluant fractions was detected by sodium dodecyl sulfate-polyacrylamide gel electrophoresis, they were combined and precipitated as described above. The precipitate was dissolved in 2.0 ml of 50 mM Tris hydrochloride (pH 6.8) plus 2 mM tetrasodium EDTA and dialyzed as described above. Pectate lyase activity was about 100 times greater in the purified preparation than in the culture supernatant (Table 1) .
The enzyme yield was about two-thirds of the total enzyme found in the supernatant of cultured cells (Table 1 Slight modifications in the procedure may result in the purification of other pectin-degrading enzymes. For example, 72-h-old culture supernatants subject to this purification protocol resulted in the detection of four major protein bands (Fig. 3A) . In addition to the two proteins isolated previously, larger (55,000 daltons) and smaller (40,000 daltons) molecular weight proteins were detected. The largermolecular-weight protein was also detected in 48-h-old cul- 53, 1987 ture supernatants when the cells were grown in PYE medium supplemented with 0.1% polygalacturonic acid (Pfaltz and Bauer) (Fig. 3B) . In addition to pectate lyase, this sample ( Fig. 3B ) contained pectolytic enzyme activity at pH 5.2 in the presence of 10 mM disodium EDTA, as determined by using the standard thiobarbituric acid assay of Ayers et al. (1) . The A510 maximum obtained in this assay suggests that the enzyme in this sample was probably polygalacturonase. Both pectate lyase and polygalacturonate are two of a wide variety of pectolytic enzymes produced by Erwinia spp. The simple, rapid procedure for purifying pectate lyase and possibly other pectolytic enzymes fromn Erwinia spp. will be useful for further studies on these enzymes and clarification of their roles in pathogenesis. Moreover, different strains of soft-rotting Erwinia spp. can now be readily compared with regard to their pectic enzyme composition.
